Genome size among plants varies widely ranging from 125 Mbp/C in Arabidopsis thaliana (Genome Sequencing Group et al. 2000) to 123 Gbp/C in Fritillaria assyriaca (Bennett and Smith 1976) . Genome size represents an important piece of information for genetic-related research. For example, it can be used to estimate the number of clones necessary to construct a representative DNA library for the respective species, or to find the appropriate number of molecular markers, such as AFLP, to construct physical and genetic maps. Moreover, genome size is essential in studying diversity and plant evolution (Lan et al. 2000 , Grant et al. 2000 , O'Neill and Bancroft 2000 . Therefore, several studies were aimed at estimating the DNA content of many plant species in the past (Bennet and Smith 1976 , Bennet and Leitch 1997 , Bennett et al. 1982 , 2000 .
Flow cytometry is a powerful tool for estimating the DNA content (Arumuganathan and Earle 1991 , Martinez et al. 1994 , Sakamoto et al. 1998 , Ohmido et al . 2000 , because the method is highly sensitive, rapid, easy and convenient. Flow sorting is commonly used for isolation of either entire cells or individual chromosomes (Dolezel et al. 1994) . The method was also effective in purification of nuclei to analyze nuclear matrix proteins by 2D PAGE (Dynlacht et al. 1996) .
Strawberry (Fragaria species) is one of the most important fruit crops. Genus Fragaria includes diploid (2n =2x=14), tetraploid (2n =4x=28), hexaploid (2n =6x=42) and octoploid (2n =8x=56) species, with the basic number being 7. The bisexual, dioecious and trioecious behaviors seem to be closely related with the ploidy level in those species (Ahmadi and Bringhurst 1991 rescent intensity of standard) X DNA content of standard, was used to estimate the DNA content. However, it is expected that the relation between DNA content and fluorescent intensity is not proportion of one to one. The endopolyploidy is considered an effective way to draw a standard curve between the fluorescent intensity and the DNA content. A. thaliana has also endopolyploidy. Because of these reasons, we chose to use A. thaliana as a standard for estimating the DNA content of Fragaria species. The standard curve, regression line, from A. thaliana shown in Fig. 4 . The formula for regression line is DNA amount=1.54 X fluorescent intensity+4.74, correlation coefficient is just 1. This result shows that the relation between DNA content and fluorescent intensity is a direct proportion, but not the proportion of one to one. This result also implies that various kinds of nuclei are necessary to make a standard curve for estimation of DNA content. Furthermore, even if same flow cytometer was used, the formula of regression line would easily change by condition of flow cytometer. For this reason, internal standard is recommended. Internal standard means measuring standard and sample material simultaneously. This study used external standard due to difficulty in separating sample peak from standard peaks. Therefore, we measured sample immediately after measuring of standard, then we measured standard again to confirm that there is no difference between first and second. As a result, the formula of regression line was almost stable. Table 1 shows the DNA content of the F. vesca strain U5, F. ananassa cv. Hokowase and cv. Toyonoka. They were estimated from fluorescent intensity measured on linear scale and were determined as 164, 562 and 571 Mbp/C, respectively. F. vesca with an AA genome, a diploid species, is considered as one of the ancestors of F. ananassa (Senanayake and Bringhurst 1967) . The sex expression of F. vesca is bisexual and hermaphroditic. F. ananassa is octoploid, with an AAA'A'BBB'B' genome (Bringhurst 1990 ). The sex expression of F. ananassa is trioecious. Sex expression seems to correlate well with the ploidy level (Ahmadi and Bringhurst 1991) . It is also known that polyploidy plays an important role in evolution (Wendel 2000) . There are many polyploid species and most of them have large genome sizes. For example, the nuclear DNA contents of Triticum species range from 4700 to 16700 Mbp/C (Bennett and Smith 1976) . The nuclear DNA content of Trillium species ranges from 4300 (Bennett and Smith 1991) to 108000 Mbp/C (Bennett and Smith 1976) , whereas that of Gossypium species ranges from 1160 to 3100 Mbp/C (Bennett et al. 1982) . A small genome size is one of the essential characteristics for a plant model in genome research. For example A. thaliana and Oryza sativa have 125 Mbp/C and 400 Mbp/C (Ohmido et al. 2000) , respectively. Fragaria species also have small genome sizes, as revealed in the present study. Fragaria species may also be considered as appropriate plant candidates for evolution studies, because they show interesting relationships between polyploidy and sex differentiation. 
